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Abstract 
Drinking alcohol during pregnancy is harmful to the fetus, and can lead to serious alcohol 
related developmental birth defects. Utilizing prenatal screening, such as the 4P’s Plus© 
screening tool, during a woman’s first prenatal doctors visit can help educate women and 
reduce continued alcohol use during pregnancy. Currently the CDC reports that 1 in 13 
women in the US drink alcohol while pregnant compared to local reports that 1 in 3 women 
in San Luis Obispo County continue to drink alcohol during pregnancy. A primary concern 
for many local county health care experts and organizations is to raise awareness that 
pregnant women should completely abstain from drinking alcohol.  The purpose of this 
analysis was to gain insight into the risk of perinatal drinking for San Luis Obispo women, 
by investigating possible risk factors associated with drinking alcohol while pregnant.  
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Introduction 
It is documented that substance abuse during pregnancy is associated with unfortunate 
outcomes for newborns. Specifically, in 2005, the U.S. Surgeon General warned that alcohol 
use during pregnancy is known to increase the risk of alcohol related birth defects, 
including growth deficiencies, facial abnormalities, central nervous system impairment, 
behavioral disorders, and impaired intellectual development.1 For these reasons healthcare 
officials consider no amount of alcohol during pregnancy to be considered safe and advise 
that pregnant women should not drink alcohol at any time during pregnancy.  However, 
despite these warnings, women are still continuing to drink alcohol after becoming 
pregnant.  
In addition to alcohol use, other substance use during pregnancy such as tobacco, 
marijuana, and additional illicit drugs are also known to lead to negative birth outcomes.  
Fortunately, fetal alcohol spectrum disorders and other substance abuse related birth 
defects are completely preventable by abstaining from alcohol and drugs during all phases 
of pregnancy.  While any substance abuse during pregnancy is alarming, the biggest 
concern among health officials in San Luis Obispo County is alcohol use during pregnancy 
due to the high rate of women in this county who continue to drink alcohol while pregnant. 
Health officials believe that alcohol is more of a problem here due to alcohol being a “white-
collar” substance. The women in San Luis Obispo County tend to be older and more 
educated and thus alcohol is their substance of choice. For this reason, local county health 
experts and organizations are teaming up to increase education and awareness about the 
possible lifelong consequences that drinking any amount of alcohol during pregnancy can 
have on their unborn child.  This analysis focuses solely on alcohol use during pregnancy 
based on evidence that compared to cigarette use and other drugs, albeit very worrisome, 
alcohol use during pregnancy is the biggest concern among San Luis Obispo County women. 
Background 
What led me to this project was my desire to assist the local community by turning health 
data into usable knowledge, as well as my aspiration to gain statistical consulting 
experience working with a large real-life data set.  As a result the motivation behind the 
analysis for this project stems from the specific goals of the local organization that I 
coordinated with.   These are to: 
1. Raise community awareness about the benefits of a healthy pregnancy and the 
consequences of prenatal exposure to alcohol, tobacco or other harmful substances. 
2. Educate our community in two areas: 
a.    Develop culturally relevant and group specific educational materials for the 
prevention of Fetal Alcohol Spectrum Disorders and the effects of other harmful 
substances. 
                                               
1 U.S. Department of Health and Human Services; http://www.cdc.gov/ncbddd/fasd/documents/sg-advisory.pdf 
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b.    Enhance and expand training of all health care providers on the message of 
‘Zero’ use of alcohol, tobacco or other harmful substances during pregnancy. 
3. Advocate for increased access to effective and culturally appropriate treatment of alcohol, 
tobacco and other harmful substance use for women of childbearing age. 
In order to work toward these goals it is of vital importance to understand the community 
as a whole. One important aspect of doing this means evaluating local physicians and 
support staff attitudes toward prenatal screening for substance use, as well as their current 
prenatal practices, perceived barriers of communication between patients, and future 
training needs. Phase one of my senior project attempts to answer these questions by 
analyzing a local survey that was sent to San Luis Obispo County physician’s offices that 
asked questions geared toward understanding prenatal providers’ screening procedures 
with pregnant women. This survey, however, will not be discussed in its entirety and is 
only mentioned as segue into my specific research question of interest.  
From the survey assessment of prenatal care providers in San Luis Obispo County it was 
found that for purposes of counseling their patients, 85% do not consider any amount of 
alcohol use during pregnancy to be tolerable, and 90% agree that alcohol is never safe at 
any time during pregnancy. Although it is desirable for these abstinence attitudes to be 
shared by 100% of physicians, it is still a majority, hopefully suggesting that most 
physicians are educating their prenatal patients to abstain from alcohol completely during 
pregnancy. These results are what led to my interest in investigating why some women 
would continue to drink during pregnancy, despite health concerns from physicians. 
In order to assess this question it became necessary to find a dataset that contained 
information on prenatal substance use.  Fortunately, the prenatal providers survey also 
reported that 78% of physicians surveyed are currently using what is known as the 4P’s 
Plus© screening tool to gauge substance use among their pregnant patients. Therefore 
access to this 4P’s Plus© screening data was obtained which allowed the investigation of 
which San Luis Obispo County women are using alcohol during pregnancy, and what are 
possible predictive factors for their behavior.  
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Description of Data 
The Questionnaire 
The 4P’s Plus© Screen for Substance Treatment and Domestic Violence in Pregnancy is a 
prenatal screening tool in the form of a brief questionnaire aimed to identify pregnant 
women at risk for alcohol, tobacco, or other drug use. It is administered in the doctor’s office 
at the patient’s first prenatal care visit and intended to facilitate brief discussions between 
patient and physician. The four p’s stand for Parents, Partner, Past, and Pregnancy, and 
questions related to these areas are based on the patient’s current and past history with 
substance use. The 4P’s Plus© screening tool also asks questions regarding domestic 
violence and patient’s coping strategies for stress and depression.  
The questionnaire is divided into two main sections: the 4P’s Plus© screening section, which 
all patients are administered, followed by the assessment section, in which only patients 
with a positive screen in the first section follow up to complete the assessment questions. 
This relationship is depicted in figure 1.  
Figure 1: Flowchart representing the process from which women move from screening section to 
follow-up assessment section. 
 
A positive screen in the first screening section means a woman specified smoking cigarettes, 
drinking alcohol (wine/beer/liquor), or smoking marijuana in the month before she knew she 
was pregnant. If a woman admitted to using one or more of these substances in the month 
before she knew she was pregnant, she is then immediately asked the follow up questions.  
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The follow up assessment section is designed to gauge whether a patient is still drinking 
alcohol, smoking cigarettes, smoking marijuana, or using other illicit drugs (cocaine, heroin, 
or meth) within the last month since knowing she is pregnant. A positive assessment means 
that a woman indicated using any of one or more substances since knowing she was 
pregnant.   
Response Variable 
The response variable comes from the follow up assessment section information as this 
section evaluates substance use since knowledge of pregnancy. Below is the question used 
as the response variable to evaluate whether or not a woman continued drinking after 
knowing she was pregnant.  
And last month, about how many days a week did you usually drink beer, wine or liquor? 
□ Did not   
drink 
□ Every day □ 3 to 6 days 
a week 
□ 1 or 2 days  
a week 
□ Less than 1 
day a week 
 
For purposes of the analysis this variable was then converted into a binary variable 
representing whether a woman continued to drink any alcohol or none. For example, 
responses to drinking “every day,” “3 to 6 days a week,” “1 or 2 days a week,” or “less than 1 
day a week” were all categorized as continued alcohol drinkers since knowing they were 
pregnant. The reason for collapsing the response into a dichotomous variable is because any 
amount of alcohol is considered dangerous and the goal is to raise awareness on complete 
abstinence from drinking during pregnancy. Thus, women who indicated using any amount 
of alcohol are considered users and grouped together. Table 1 shows frequencies for each 
response to this question and how it was collapsed.  
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Table 1: Descriptive statistics for the response variable. 
And last month, about how many days a week did you 
usually drink beer, wine or liquor? 
Response 
n=2,258 
Frequency Percent 
Did not drink 1362 60.32 
Everyday 80 3.54 
3 to 6 days a week 101 4.47 
1 or 2 days a week 213 9.43 
Less than 1 day a week 502 22.23 
 
Collapsed into: 
 
Used Alcohol During 
Pregnancy  
n=2,258 
Frequency Percent 
Any 896 39.68 
None 1362 60.32 
 
Explanatory Variables of Interest 
There were several predictive factors that were of interest in modeling whether a woman 
continued to drink after knowing she was pregnant. For ease of discussion, I will categorize 
these variables into 3 groups: demographic variables, four P’s screening variables, and 
follow-up assessment variables.  
Demographic Variables 
Race/Ethnicity 
The majority of race/ethnicity groups were comprised of Caucasian (55%) and Hispanic 
(40.3%). Race/Ethnicity was reported as Hispanic, Caucasian, African-American, Asian, 
Other/Multiple or Native American. These last four groups listed were classified into one 
group as “other” due to the small percentages. Therefore, race/ethnicity was categorized 
into three main subgroups: Caucasian, Hispanic or other.  
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Insurance 
This variable represents the payor source of the prenatal patient. There were two insurance 
types categorized: Medi-Cal and Private Pay. 
Office Area 
It was of interest to test if there was a difference in drinking habits between offices in 
North County, South County, and the main city of San Luis Obispo. This variable 
represents the zip code of the patient’s doctor’s office categorized into the respective areas of 
the county. Unfortunately, there was a lot of missing data for this variable so another area 
named “other” was created.  This last other category is a mixed bag in that we cannot say 
where these patients are coming from. Also, since only Arroyo Grande offices were listed for 
South County, and only Templeton offices were listed for North County, the final 
categorization was the cities of: Arroyo Grande, San Luis Obispo, Templeton and other. 
Year 
Participating San Luis Obispo County healthcare providers started implementing the 4P’s 
Plus© screening tool in 2003. The year variable indicates which year each patient was 
screened at their first prenatal care visit. The complete time range is from October 2003 to 
June 2012. Year was treated as a categorical variable. 
Four P’s Screening Questions 
As previously mentioned, the first section on the questionnaire was screening and all 
prenatal women were asked these questions.  
Parents 
Question: Did either of your parents have any problems with drugs or alcohol? (Yes, No) 
Partner 
Question: (1) Does your partner have any problem with drugs or alcohol? (Yes, No) 
Question: (2) Is your partner’s temper ever a problem for you? (Yes, No) 
Past 
Question:  Have you ever drunk beer/wine/liquor? (Yes, No) 
Month before Pregnancy Substance Use 
Question: (1) In the month before you knew you were pregnant, how many cigarettes did you 
smoke? (Any, None) 
Question: (2) In the month before you knew you were pregnant, how much wine/beer/liquor 
did you drink? (Any, None) 
Question: (3) In the month before you knew you were pregnant, how much marijuana did 
you smoke? (Any, None) 
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Follow-up Assessment Questions 
Like previously mentioned, this is the second section on the questionnaire and only those 
prenatal patients with a positive screen in the first screening section move onto this 
assessment section.  Again, a positive screen is a woman that indicated using cigarettes, 
alcohol or marijuana in the month before she knew she was pregnant.  
Ways of Coping with Depression and/or Stress 
Question: Sometimes a woman feels depressed, nervous, or stressed out. When this happens 
to you, do any of the following help you feel better or to relax?  
a. Talk things over with friends or relatives? (No, Yes) 
b. Smoke cigarettes? (No, Yes) 
c. Smoke marijuana or weed? (No, Yes) 
d. Have a drink of beer, wine or other alcohol? (No, Yes) 
e. Take some type of pill or medication? (No, Yes) 
Last Month Cigarette Use 
Question:  And last month, about how many days a week did you usually smoke a cigarette? 
□ Did not 
smoke 
□ Every day □ 3 to 6 days 
a week 
□ 1 or 2 days  
a week 
□ Less than 1 
day a week 
This variable was combined into “any” or “none.” 
Last Month Marijuana Use 
Question:  And last month, about how many days a week did you usually use marijuana? 
□ Did not use 
any drug 
□ Every day □ 3 to 6 days 
a week 
□ 1 or 2 days  
a week 
□ Less than 1 
day a week 
This variable was combined into “any” or “none.” 
Last Month Illicit Drug Use 
Question:  And last month, about how many days a week did you usually use any drug such 
as cocaine, heroin, or meth? 
□ Did not use 
any drug 
□ Every day □ 3 to 6 days 
a week 
□ 1 or 2 days  
a week 
□ Less than 1 
day a week 
This variable was combined into “any” or “none.” 
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Statistical Analysis 
All data management and analysis was done using SAS® software version 9.3. The original 
raw 4P’s Plus© data was first imported from an excel database into SAS.  
Cohort  
Participating San Luis Obispo County healthcare providers started implementing the 4P’s 
Plus© screening tool in 2003. From October 2003 to June 2012, San Luis Obispo County had 
a total of 11,434 4P’s Plus© screens. Of these total screens, 10, 426 were initial screens. For 
this analysis only initial screens were considered. This is because there is no way to match 
those patients with follow-up screens to their initial screens. Of the initial screens, 3, 786 
(37.8%) were positive screens indicating she was smoking cigarettes, smoking marijuana, or 
drinking alcohol in the month before she knew she was pregnant. 
The next factor considered was that the 4P’s Plus© screening tool changed slightly over 
time. Certain questions were not added until later years. Specifically, important 
demographic variables like insurance type of the patient did not start being collected until 
late in year 2006, and even during that year 78% of patients were still missing information 
regarding their insurance type. For this reason the years 2007 to 2012 were used because 
these years administered the most complete and updated 4P’s Plus© screening tool issued 
in San Luis Obispo County. Of the 3,876 positive screens, 2, 472 were from years 2007 to 
2012. 
Finally, due to issues with data entry, or specific patient cases, not every single woman 
with a positive screen had a response for the specific response variable of interest. And, 
unfortunately, if she was missing the response variable, she was not included in the 
analysis. There were a total of 214 women missing the response, resulting in a total cohort 
of 2,258 women. Figure 2 summarizes the inclusions and exclusions for the cohort.  
Figure 2: Cohort Flowchart 
 
Total 
Screens • n=11,434 
Initial 
Screens  • n=10, 426 
Positive 
Screens • n=3, 876 
Years  
2007-2012 
• n=2, 472 
Answered 
Response • n=2,258 
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The Multiple Logistic Regression Model  
After the final analytic cohort was assembled, logistic regression was used to assess the 
significance of the explanatory variables in predicting the dichotomous response variable of 
perinatal drinking. The LOGISTIC Procedure in SAS® was used to run the logistic models 
predicting the outcome of any perinatal drinking after knowing she was pregnant. All 
explanatory variables in this analysis were categorical and thus, were listed in the CLASS 
statement (in PROC LOGISTIC) to generate indicator variables for the levels of each 
categorical predictor. Reference groups were chosen for each predictor as well, 
corresponding to which interpretation would be most useful for understanding perinatal 
drinking.  
All of the demographic variables, four p’s screening variables, and follow up assessment 
variables listed in the explanatory variables of interest section were tested, as well as 
possible interactions specified a priori. Elimination was by hand and the highest 
insignificant term at each stage was sequentially removed until all variables fit within the 
desired 0.05 significance level. By hand elimination was used in order to keep control over 
which variables were being deleted. This was to make sure the final model would make 
sense clinically in relation to perinatal drinking. For those interactions that were 
significant, the main effects of the interactions were also kept in the model, regardless of 
significance.  
Parameter estimate and odds ratio probabilities equal to or less than 0.05 were considered 
statistically significant and kept in the model. Control variables specified by the workgroup 
were left in the model with the other predictors.  Individual parameter estimates were 
tested by the Wald statistics. 
The goal was to find a model that was complex enough to fit the 4P’s Plus© screening data, 
but also be easily interpretable for the health care experts that will be utilizing this 
information. Variables that were of most importance for our workgroup were kept in the 
model even if their estimated effect was not statistically significant. For example, an 
ethnicity main effect was not significant (p-value=0.6392), however, it was left in the model 
to reduce bias in other predictor estimates and because it was of particular interest for the 
study.  
One drawback to the 4P’s Plus© data as mentioned earlier, is the frequency of missing 
data. Unfortunately, out of the 2,258 women included in the final cohort, after running the 
logistic model, another 262 observations were deleted due to missing responses in the 
explanatory variables. It is unfortunate to have to lose information from these women with 
missing responses, and thus, another model was considered as a sensitivity analysis using a 
logistic model and specifying the MISSING option in the CLASS statement. This allowed 
for observations that were missing any explanatory variables to be considered by adding an 
additional group level to the model for each predictor called “missing.” This model was run 
to see how the results might differ with or without this missing option. The significant 
 12 
associations that were seen in the final model still held in this missing group model. 
Additionally, looking further into where the missing data was coming from, there was no 
trend or pattern found, and thus the missing data was considered a mixed bag of data entry 
error. Therefore, for reasons of parsimony, the model without the missing group was chosen 
as the final analysis. 
Goodness of fit and model assumptions were also checked. Some of these include 
multicollinearity of the predictor variables, ROC curves, comparison of AIC values, 
Likelihood Ratio Test and the Hosmer and Lemeshow goodness-of-fit test. The results of 
these tests are explained in full in the diagnostics section of this paper.   
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Results 
The final factors in the logistic regression model were: year, insurance, race/ethnicity, 
alcohol use in the month before pregnancy, whether a woman drinks alcohol as a way to 
cope with depression or stress, during pregnancy cigarette use, during pregnancy 
marijuana use, and the interaction between year and insurance. Table 2 displays a 
summary of the predictor variables that were tested in relation to the response variable.  
Table 2: Descriptive Statistics Results for Explanatory Variables Main Effects (*continued onto next 
page). 
Variable 
Continued to Drink Alcohol 
Total 
(N=1996) 
Any 
(N=774) 
None 
(N=1222) 
n 
Row 
(%) n 
Row 
(%) n 
Col 
(%) 
YEAR 
120 (45.63) 143 (54.37) 263 (13.18) 2007 
2008 134 (39.76) 203 (60.24) 337 (16.88) 
2009 133 (33.76) 261 (66.24) 394 (19.74) 
2010 149 (36.08) 264 (63.92) 413 (20.69) 
2011 165 (39.86) 249 (60.14) 414 (20.74) 
2012 73 (41.71) 102 (58.29) 175 (8.77) 
Insurance 
307 (36.37) 537 (63.63) 844 (42.28) Medi-Cal 
Private Pay 467 (40.54) 685 (59.46) 1152 (57.72) 
Ethnicity 
595 (38.59) 947 (61.41) 1542 (77.25) Caucasian 
Hispanic 136 (39.88) 205 (60.12) 341 (17.08) 
Other 43 (38.05) 70 (61.95) 113 (5.66) 
Month Before Alcohol 
Use 
750 (45.82) 887 (54.18) 1637 (82.01) Any 
None 24 (6.69) 335 (93.31) 359 (17.99) 
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Variable 
Continued to Drink Alcohol 
Total 
(N=1996) 
Any 
(N=774) 
None 
(N=1222) 
n 
Row 
(%) n 
Row 
(%) n 
Col 
(%) 
Drinks Alcohol to Cope 
with Stress or 
Depression 
151 (57.85) 110 (42.15) 261 (13.08) Yes 
No 623 (35.91) 1112 (64.09) 1735 (86.92) 
During Pregnancy 
Cigarette Use 
264 (47.40) 293 (52.60) 557 (27.91) Any 
None 510 (35.44) 929 (64.56) 1439 (72.09) 
During Pregnancy 
Marijuana Use 
119 (56.13) 93 (43.87) 212 (10.62) Any 
None 655 (36.72) 1129 (63.28) 1784 (89.38) 
        
All 774 (38.78) 1222 (61.22) 1996 (100%) 
 
Table 3 represents the results for the year by insurance and insurance by race/ethnicity 
interactions. It was of interest to see how the percentages of women who were continuing to 
drink during pregnancy changed over time. Table 3 percentages showed that from 2007 to 
2010 Private Pay women were drinking during pregnancy more often than Medi-Cal 
women. Then in 2011 and 2012 this relationship changed, and Medi-Cal women were 
drinking during pregnancy more often than Private Pay women. 
Similarly, there was a speculation that whether a woman drinks during pregnancy might 
change depending on her race/ethnicity within her insurance type. Table 3 percentages 
showed that within women on Medi-Cal, Hispanics continued to drink during pregnancy 
more frequently (44%) than Caucasian women (34%). On the other hand, within women 
with Private Pay insurance, Caucasian women continued to drink more frequently (41.4%) 
than Hispanic women (33.3%). 
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Table 3: Descriptive Statistics Results for Interaction Variables.  
 
 
Variable 
Continued to Drink Alcohol   
Any None Total 
(N=774) (N=1222) (N=1996) 
n 
Row 
(%) n 
Row 
(%) n 
Col 
(%) 
 
Year 
 
Insurance 
42 (36.52) 73 (63.48) 115 (5.76) 2007 Medi-Cal 
Private Pay 78 (52.70) 70 (47.30) 148 (7.41) 
2008 Medi-Cal 22 (20.95) 83 (79.05) 105 (5.26) 
Private Pay 112 (48.28) 120 (51.72) 232 (11.62) 
2009 Medi-Cal 44 (30.34) 101 (69.66) 145 (7.26) 
Private Pay 89 (35.74) 160 (64.26) 249 (12.47) 
2010 Medi-Cal 52 (31.33) 114 (68.67) 166 (8.32) 
Private Pay 97 (39.27) 150 (60.73) 247 (12.37) 
2011 Medi-Cal 94 (45.85) 111 (54.15) 205 (10.27) 
Private Pay 71 (33.97) 138 (66.03) 209 (10.47) 
2012 Medi-Cal 53 (49.07) 55 (50.93) 108 (5.41) 
Private Pay 20 (29.85) 47 (70.15) 67 (3.36) 
Insurance Race/Ethnicity 
201 (34.01) 390 (65.99) 591 (29.61) Medi-Cal Caucasian 
Hispanic 92 (44.02) 117 (55.98) 209 (10.47) 
Other 14 (31.82) 30 (68.18) 44 (2.20) 
Private Pay Caucasian 394 (41.43) 557 (58.57) 951 (47.65) 
Hispanic 44 (33.33) 88 (66.67) 132 (6.61) 
Other 29 (42.03) 40 (57.97) 69 (3.46) 
All 774 (38.78) 1222 (61.22) 1996 (100%) 
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The chi-square test statistics and associated p-values shown in table 4 indicate that each of 
the explanatory variables in the model significantly improve the model fit. Race/Ethnicity 
was kept in the model as a control.  
Table 4: Final Model Overall Parameter Significance (Type 3 Analysis of Effects). 
Overall Parameter Significance  
Variable DF Wald 
Chi-Square 
P-value  
Year 5 20.1770 0.0012 
Insurance 1 3.7404 0.0531 
Race/Ethnicity 2 0.8951 0.6392 
Month before alcohol use 1 186.0661 <.0001 
Drink alcohol to cope with 
stress or depression 
1 5.8806 0.0153 
During pregnancy 
cigarette use 
1 87.2146 <.0001 
During pregnancy 
marijuana use 
1 21.2094 <.0001 
Year*Insurance 5 47.9210 <.0001 
 
Table 5 displays the odds ratio estimates comparing the different groups to the reference 
group in each predictor variable, while accounting for the other explanatory variables in the 
model. The data provide evidence that women drinking alcohol in the month before 
pregnancy are 32.4 times (95% CI: 19.680, 53.491) more likely to continue to drink during 
pregnancy than those women who did not drink alcohol in the month before pregnancy. 
Women who drink alcohol as a way to cope with depression or stress are 1.44 times (95%CI: 
1.073, 1.951), or 44% more, likely to drink during pregnancy compared to those who do not 
use alcohol as a coping mechanism. Women who smoke cigarettes during pregnancy are 
4.13 times (95%CI: 3.067, 5.563) more likely to drink alcohol during pregnancy than those 
who do not smoke during pregnancy. Likewise, for women who smoke marijuana during 
pregnancy, they are also more likely to drink alcohol during pregnancy than those who do 
not smoke marijuana by 2.52 times (95%CI: 1.703, 3.747).  
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Table 5: Odds Ratio Estimates for Main Effects and Insurance*Race/Ethnicity Interaction 
Odds Ratio Estimates 
Variable  Comparison Point 
Estimate 
95% Wald 
Confidence 
 Limits 
 Hispanic reference -- 
Race/Ethnicity*  Caucasian  0.902 (0.681, 1.195) 
Other 0.803 (0.492, 1.309) 
Month before alcohol 
use 
None reference -- 
Any  32.445 (19.680, 53.491) 
Drink alcohol to cope 
with stress or 
depression 
No reference -- 
Yes  1.447 (1.073, 1.951) 
During pregnancy 
cigarette use 
None reference -- 
Any  4.131 (3.067, 5.563) 
During pregnancy 
marijuana use  
None reference -- 
Any  2.526 (1.703, 3.747) 
Year at 
Insurance=Medi-Cal 
2007 reference -- 
2008  0.384 (0.187, 0.791) 
2009  0.595 (0.322, 1.098) 
2010  0.845 (0.461, 1.550) 
2011  1.977 (1.115, 3.505) 
2012  2.170 (1.109, 4.249) 
Year at  
Insurance = Private 
Pay 
2007 reference -- 
2008  0.903 (0.583, 1.400) 
2009  0.535 (0.346, 0.828) 
2010  0.620 (0.401, 0.958) 
2011  0.488 (0.310, 0.769) 
2012  0.401 (0.212, 0.760) 
*Odds ratios for race/ethnicity are not significant.  
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The odds ratios for the interaction between year and insurance type that are seen in table 5 
are plotted in figure 3 to graphically depict which odds ratios were significantly differently 
from 1. The interaction between year and insurance allows the effect of insurance on 
perinatal drinking to differ according to year. Graphically, this interaction can be seen in 
Figure 4, which displays the probability plot for perinatal drinking by year and separating 
the effects of insurance by displaying separate lines for Medi-Cal insurance patients and 
Private Pay insurance patients.  
Figure 3: Odds Ratio Plot for Year*Insurance Interaction  
 
Figure 4: Interaction Probability Plot by Year and Insurance 
Predicted Probabilities for Continued to Drink=Any 
*All other predictors in model held constant 
 
 
 19 
Diagnostics  
Several diagnostic measures were considered when checking for model adequacy and 
goodness of fit to the data. The AIC values indicate that the final model selected 
(AIC=2226.140) is a better fit to the data than the model with intercept only 
(AIC=2667.629). The overall logistic regression model was highly significant indicated by 
the Likelihood Ratio Test (χ2 = 475.48, p-value=.0001). The Hosmer and Lemeshow 
goodness-of-fit test had a test statistic of 8.77, with 8 degrees of freedom and a p-value of 
0.3614. This high p-value indicates an adequate fit.  
Multicollinearty between the covariates was also assessed. This was done with PROC 
CORR using the Spearman correlation coefficient, due to the predictors being all categorical 
variables.  Some significant correlations were found; however, this may be the case because 
of the large sample size in this study because the actual correlations themselves were no 
greater than 0.38. Due to none of the correlation coefficients being very large in magnitude 
multicollinearity was not of concern for this analysis.  
The ROC curve was fitted using PROC LOGISTIC options in SAS and is shown in figure 5. 
The area under the curve is reported as 77.32%. This was a decently large percent 
estimated area indicating an adequate fit of the model. 
Figure 5: ROC Curve for Final Logistic Regression Model  
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Conclusions and Discussions 
Summary 
This study examined demographic and risk factors for perinatal drinking using the 4P’s 
Plus© screening data. Results showed that approximately 39% of women with a positive 
screen continue to drink after knowing they are pregnant. This is an alarmingly high 
number and needs to be addressed. Drinking alcohol in the month before pregnancy, 
drinking alcohol as a way to cope with depression or stress, smoking cigarettes during 
pregnancy and smoking marijuana during pregnancy were all factors associated with 
drinking alcohol after becoming pregnant. 
One of the more interesting findings was the interaction between year and insurance type 
on perinatal drinking. Since 2007, women with Private Pay insurance are becoming less 
likely to drink during pregnancy, compared to women with Medi-Cal who are becoming 
more likely to drink over time. This is a good sign that perinatal drinking is on the decline 
within Private Pay insurance, but begs the question why Medi-Cal women are seemingly 
experiencing an opposite trend? This could be occurring for many reasons. One possible 
explanation is that due to targeted intervention Private Pay women are becoming more 
aware of the dangers of drinking during pregnancy and are stopping once they know they 
are pregnant. This targeted intervention is from trying to raise awareness of the use of 
alcohol as a “white-collar” substance in San Luis Obispo County. As mentioned before, the 
pregnant women in this county tend to be older and more educated and since alcohol is 
legal, easily accessible, and much more acceptable than other substances, alcohol is the 
substance of choice for white-collar women. Thus, it is possible that education and 
awareness of the consequences of drinking during pregnancy has failed to target Medi-Cal 
clients. Along this same thought is that the doctors who see Medi-Cal perinatal women are 
not educating them as well as those doctors who see Private Pay perinatal women. Of 
course all of this is just speculation and calls for further analysis. 
One last relationship to discuss is the relationship between race/ethnicity and insurance 
type on perinatal drinking. Although only borderline significant in the final model (p-
value=0.056), this possible interaction indicates that the relationship of a woman’s 
insurance on whether she continues to drink after knowledge of pregnancy might depend on 
her race/ethnicity. In particular, as seen from the percentages in table 3, it was found that 
Caucasians with Private Pay insurance were continuing to drink during pregnancy more 
often (41.4%) compared to Caucasians with Medi-Cal insurance (34%). This result was 
opposite for Hispanic women, as more Hispanic women on Medi-Cal were found to continue 
to drink than Hispanic women with Private Pay insurance, 44% and 33.3%, respectively.  
This is a curious relationship and should be further assessed.  
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Limitations 
It is important to note that the analysis presented in this paper does not represent overall 
prevalence data for San Luis Obispo County because the women screened are only in those 
practices and public clinics that utilized the 4P’s Plus© screening tool. Also, refusal rates 
were unknown for each clinic. For these reasons, we cannot generalize to all San Luis 
Obispo County women.  
 
In addition, the analysis only considers women with a positive 4P’s Plus© screen. That is, 
women who were using substances in the month before they were pregnant and assessing 
whether or not they stopped using once they knew they were pregnant. For this reason, we 
cannot generalize these results to women who were not using substances in the month 
before pregnancy.  
 
One significant limitation to using the 4P’s Plus© data for analysis is that there is a high 
frequency of missing data across the board. This could be from data entry error, from 
physician’s not asking all the proper questions, or because patients may have refused to 
answer certain questions. For this reason, many observations had to be thrown out of the 
final analysis. In the future it would be beneficial to decrease the frequency of missing data 
via proper data entry training for technicians recording the 4P’s Plus© screening tool. 
Future Directions 
An additional research question that was of interest is analyzing how San Luis Obispo 
County 4P’s Plus© screening data compares to other counties’ data. A preliminary 
comparison analysis between San Luis Obispo County and Ventura County was initialized, 
however, due to time constraints this is beyond the scope of this senior project.  
Another interesting research question is the investigation of the cessation rates of those 
patients with multiple screens. That is, to see if patients who have been repeatedly 
screened are more likely to stop drinking. For example, if a woman indicated she was 
drinking at the initial screen, has she stopped drinking now by this second screen? This 
could possibly evaluate the effectiveness of the first screen on a woman’s decision to stop 
drinking.  
In addition, one benefit of the 4P’s Plus© screening tool is that it allows a physician to 
examine whether or not a woman needs further treatment and gives them the ability to 
refer them to local facilities that help women with substance abuse. It might be of interest 
to evaluate which women are most likely to accept a substance abuse referral and the 
reasons for why or why not a woman accepts the referral for further treatment.  
Research is crucial to understanding the populations at risk for perinatal substance use. 
Continued investigation in this area, as well as increased education and awareness in the 
general public and local physicians’ offices, is essential to working toward preventing and 
treating perinatal substance abuse effectively. 
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Appendix 
(A) SAS Code 
 
/*****       Samantha Law         ******/ 
/***** 4 P's Plus Screening Data  ******/ 
/***** Years 2003-2012 Total Database ******/ 
 
options nodate; 
 
/*create libname seniorP */ 
libname seniorP "C:\Users\statlab07\Desktop\SeniorProject"; 
 
/*import 4P's+ year 2003-2012 (total database) data excel sheet from senior 
project folder*/ 
/*create permanent data set of all 4ps in seniorP library */ 
 
PROC IMPORT OUT= seniorp.fourPstotal  
            DATAFILE= "C:\Users\statlab05\Desktop\SeniorProject\SLO Total 
Database 8-23-12.xls"  
            DBMS=EXCEL REPLACE; 
     RANGE="'SLO Total Database 8-23-12$'";  
     GETNAMES=YES; 
     MIXED=NO; 
     SCANTEXT=YES; 
     USEDATE=YES; 
     SCANTIME=YES; 
RUN; 
 
 
/*create formats for variables*/ 
PROC FORMAT; 
 value  screen  
   1='Initial Screen' 
   2='Second Screen' 
   3='Third Screen'; 
 
 value  ethnicity 
   1='Caucasian' 
   2='Hispanic' 
   3='African American' 
   4='Asian/Pacific Islander' 
   5='Native American' 
   6='Other/Multiple'; 
 
 value ethnicity_ 
   1='Caucasian' 
   2='Hispanic' 
   3='Other'; 
 
 value  physician 
   1= 'CHC/AG' 
   2= 'CHC/SLO' 
   3= 'CHC/Templeton' 
   4= 'Freeman' 
   5= 'Goodrich' 
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   6= 'Haupt/Yin' 
   7= 'kromhout' 
   8= 'Lickness' 
   9= 'Other' 
   10= 'Spaulding/SLO' 
   11= 'Stanislaus/Thomas/Prewitt' 
   12= 'Storrer/Monroy'; 
 
 value insurance 
   1='Medi-Cal' 
   2='Private Pay'; 
 
 value  yesno 
   1='Yes' 
   2='No'; 
 
 value  anynone 
   1='Any' 
   2='None'; 
 
 value  lstmthdrink 
   1='Did not drink' 
   2='Everyday' 
   3='3 to 6 days a week' 
   4='1 or 2 days a week' 
   5='Less than 1 day a week'; 
 
 value  lstmthsmoke 
   1='Did not smoke' 
   2='Everyday' 
   3='3 to 6 days a week' 
   4='1 or 2 days a week' 
   5='Less than 1 day a week'; 
 
 value  druguse 
   1='Did not use any drug' 
   2='Everyday' 
   3='3 to 6 days a week' 
   4='1 or 2 days a week' 
   5='Less than 1 day a week'; 
  
 value  acceptrefuse 
   1='Accepted' 
   2='Refused'; 
 
 value  posneg 
   1='Positive' 
   2='Negative'; 
 
 value  filter 
   0='Not Selected' 
   1='Selected'; 
 
 value  zipcode 
   0='Other' 
   1='AG' 
   2='SLO' 
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   3='Templeton'; 
    
run; 
 
/*data cleaning, variable creating, format assigning*/ 
data seniorP.fourPstotal (drop=i); 
 set seniorP.fourPstotal; 
 
/*need to change all -99 from data table to missing values in SAS*/ 
 array missing _NUMERIC_; 
 do i=1 to dim(missing); 
  if missing{i}= -99 then missing{i}=.; 
 end; 
 
/*create a new ethnicity variable that only considers 1=caucasian, 
2=hispanic, 3=all others */ 
 if ethnicity in(3,4,5,6) then ethnicity1=3; 
 else if ethnicity=1 then ethnicity1=1; 
 else if ethnicity=2 then ethnicity1=2; 
 else; 
/*create a variable that represents which part of the county health care 
offices are from, either SLO, TEMPLETON, OR AG*/ 
 if physician=1 then zipcode=1; 
 else if physician in(2, 4, 5, 6, 7, 8, 10, 12) then zipcode=2; 
 else if physician in(3, 11) then zipcode=3; 
 else zipcode=0; 
 
/*Create permanent formats to associate with the variables*/ 
 format  screen   screen.   
   ethnicity  ethnicity.    
   physician physician. 
   insurance insurance.  
   parents partner temper past talk smokecig smokemary
 drinkalc pills yesno.  
   mthbefsmoke mthbefdrink mthbefmarySCR anynone.   
   lstmthdrink lstmthdrink. 
   lstmthsmoke lstmthsmoke. 
   mthbefmaryASS mthbefdrug lstmthmary lstmthdrug druguse.  
   pretreatment tobacco phn dv subuse private
 acceptrefuse.   
   lmdrink12m lmsmoke12m mbmaryASS12m mbdrug12m lmmary12m 
lmdrug12m mbmary12m  
   mbsmoke12 mbdrink12 mbmary12 mbdrug12 lmsmoke12 lmdrink12 
lmmary12 lmdrug12 anynone.  
   FourPs posneg. 
/*   Assessment AssessGiven yesno.*/ 
/*   PretreatIntAcc PretreatIntOff */ 
/*   DeniedReferrals */ 
/*   AcceptedRef referralMade */ 
   filter__ filter. 
   ethnicity1 ethnicity_. 
   zipcode zipcode.; 
run; 
 
 
/*create data set that only contains the initial screens (only in work lib 
for now) we do not want repeat screens*/ 
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data fourpinitial; 
 set seniorp.fourpstotal; 
 if screen=1; 
 if year^=.; 
/*creates the variable whether or not a patient had a positive screen or 
not*/ 
 if mthbefsmoke=1 or mthbefdrink=1 or mthbefmaryscr=1 then posscreen=1; 
 else if mthbefsmoke=2 or mthbefdrink=2 or mthbefmaryscr=2 then 
posscreen=2; 
 else; 
 format posscreen posneg.; 
run; 
 
 
/*frequencies for all variables of interest by response variable lmdrink12m*/ 
proc freq data=fourpinitial; 
 tables  lstmthdrink lmdrink12m screen / nocum norow nocol ; 
 tables  ethnicity*lmdrink12m ethnicity1*lmdrink12m 
insurance*lmdrink12m parents*lmdrink12m partner*lmdrink12m temper*lmdrink12m  
   past*lmdrink12m mthbefsmoke*lmdrink12m 
mthbefdrink*lmdrink12m mthbefmarySCR*lmdrink12m  
   talk*lmdrink12m smokecig*lmdrink12m smokemary*lmdrink12m 
drinkalc*lmdrink12m pills*lmdrink12m 
   lmsmoke12m*lmdrink12m lmdrug12m*lmdrink12m 
lmmary12m*lmdrink12m lstmthdrink*lmdrink12m / nocum norow nocol nopercent 
chisq cmh; 
 tables  ethnicity1*insurance*lmdrink12m/ nocum norow nocol nopercent 
chisq cmh; 
 tables lstmthdrink lmdrink12m lmdrink12 ethnicity1*insurance / nocum ; 
run; 
 
 
 
/*/*/*/*/*/*/*/*/*/*/*/*/*/*/* COHORT */*/*/*/*/*/*/*/*/*/*/*/*/*/*/; 
 
 
/*creating a dataset POSITIVE SCREENS AND YEAR>2006 AND Response variable not 
missing*/ 
data cohortSLO (keep= year insurance ethnicity1 zipcode mthbefdrink drinkalc 
lstmthdrink lmdrink12m lmsmoke12m lmmary12m posscreen); 
 set fourpinitial; 
 if posscreen=1; 
 if year>2006; 
 if lmdrink12m^=.; 
run; 
 
/*/*/*/*/*/*MODELS IN CONSIDERATION*/*/*/*/*/*/ 
 
/* ALL MAIN EFFECTS ONLY MODEL*/; 
proc logistic data=fourpinitial; 
 class insurance ethnicity1 parents partner temper mthbefdrink 
mthbefsmoke mthbefmarySCR drinkalc lmsmoke12m lmdrug12m lmmary12m 
mbmaryass12m / param=ref; 
 model lmdrink12m  = insurance ethnicity1 parents partner temper 
mthbefdrink mthbefsmoke mthbefmarySCR drinkalc lmsmoke12m lmdrug12m lmmary12m 
mbmaryass12m  /  aggregate scale=none clparm=both clodds=both; 
run;  
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/*cohort- year*insurance interaction WITH insurance*ethnicity interaction;*/ 
proc logistic data=cohortslo; 
 class year (ref='2007') insurance (ref='Private Pay') ethnicity1 
(ref='Hispanic') mthbefdrink (ref='None') drinkalc (ref='No') lmsmoke12m 
(ref='None') lmmary12m (ref='None') /  param=ref; 
 model lmdrink12m  =  year insurance ethnicity1 mthbefdrink drinkalc 
lmsmoke12m lmmary12m year*insurance insurance*ethnicity1 
  /  aggregate  scale=none lackfit ;   
 oddsratio year / diff=ref; 
 oddsratio ethnicity1 / diff=ref; 
run; 
ods html close; 
 
/*FINAL LOGISTIC REGRESSION MODEL CHOSEN*/ 
/*cohort- year*insurance interaction and NO insurance*ethnicity 
interaction;*/ 
 
/*ods select influenceplots roc; /*check for iplots and influence*/ */*/; 
ODS graphics ON; 
ods rtf style=journal 
body='C:\Users\statlab07\Desktop\SeniorProject\MODELOUTPUT!3.rtf'; 
 
proc logistic data=cohortslo; 
 class year (ref='2007') insurance (ref='Private Pay') ethnicity1 
(ref='Hispanic') mthbefdrink (ref='None') drinkalc (ref='No') lmsmoke12m 
(ref='None') lmmary12m (ref='None') /  param=ref; 
 model lmdrink12m  =  year insurance ethnicity1 mthbefdrink drinkalc 
lmsmoke12m lmmary12m year*insurance 
  /  aggregate  scale=none lackfit iplots outroc=roc; 
   output out=pred  resdev=resdev reschi=reschi H=hat 
XBETA=xbeta DFBETAS=dfbetas P=phat  
   LOWER=lcl UPPER=ucl PRED=pred C=c CBAR=cbar DIFDEV=difdev 
   DIFCHISQ=difchisq predprob=(individual crossvalidate);   
 oddsratio year / diff=ref; 
run; 
ODS graphics OFF; 
ods rtf close; 
 
 
/*COMPARING MISSING OPTION IN FINAL MODEL*/ 
/*cohort- year*insurance interaction and NO insurance*ethnicity 
interaction;*/ 
ods rtf style=journal 
body='C:\Users\statlab07\Desktop\SeniorProject\MODELOUTPUTmissing.rtf'; 
 
proc logistic data=cohortslo; 
 class year (ref='2007') insurance (ref='Private Pay') ethnicity1 
(ref='Hispanic') mthbefdrink (ref='None') drinkalc (ref='No') lmsmoke12m 
(ref='None') lmmary12m (ref='None') /  param=ref missing; 
 model lmdrink12m  =  year insurance ethnicity1 mthbefdrink drinkalc 
lmsmoke12m lmmary12m year*insurance 
  /  aggregate  scale=none lackfit ;   
 oddsratio year / diff=ref; 
run; 
ods rtf close; 
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/*simplest model possible with only the intercept*/ 
proc logistic data=cohortSLO; 
 model lmdrink12m = / aggregate scale=none; 
run; 
 
 
 
/*CHECKING FOR MULTICOLLINEARITY USING SPEARMAN CORRELATION*/ 
ods html; 
proc corr data=cohortSLO spearman; 
 var year ethnicity1 insurance mthbefdrink drinkalc lmsmoke12m  
lmmary12m lmdrink12m; 
run; 
ods html close; 
 
 
/*create one large table of frequencies and percents of the preditor 
variables by the response variable*/ 
ods rtf style=journal 
Body='C:\Users\statlab07\Desktop\SeniorProject\BIGTABLE.rtf'; 
proc tabulate data=fourpinitial ; 
 where year>2006 and posscreen=1; 
 class year insurance ethnicity1  mthbefdrink drinkalc lmsmoke12m 
lmmary12m lmdrink12m ; 
 table year insurance ethnicity1  mthbefdrink drinkalc lmsmoke12m  
lmmary12m year*insurance insurance*ethnicity1 ALL, (lmdrink12m='Continued to 
Drink Alcohol' ALL)*(N PCTN<lmdrink12m ALL>)/ BOX="Variable" ; 
/*(lmdrink12m='Continued to Drink Alcohol' )*PCTN<lmdrink12m ALL> ;*/ 
run; 
ods rtf close; 
 
 
 
/*/*/*/* VARIOUS DESCRIPTIVE STATISTICS*/*/*/*/ 
 
 
/*SHOWING WHERE MISSING ARE COMING FROM*/ 
/*Big table of tabulations*/; 
ods html; 
proc tabulate data=cohort; 
 where year>2006; 
 class year insurance ethnicity1  mthbefdrink drinkalc lmsmoke12m 
lmmary12m lmdrink12m / missing ; 
 table year  insurance ethnicity1   mthbefdrink drinkalc lmsmoke12m  
lmmary12m ALL, (lmdrink12m='Continued to Drink Alcohol' ALL)*N 
(lmdrink12m='Continued to Drink Alcohol' ALL)*PCTN<lmdrink12m ALL> ; 
run; 
 
/*Trends over the years of positive screens*/ 
 
ods html Body='C:\Users\statlab07\Desktop\SeniorProject\HTMLresults4.html'; 
proc tabulate data=fourpinitial; 
 class year posscreen physician ; 
 table year  ALL, (posscreen='Screen Result' ALL)*N (posscreen='Screen 
Result' ALL)*PCTN<posscreen ALL>; 
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run; 
ods html close; 
 
 
/*Trends over the years of substance abuse*/ 
ods rtf style=journal  
Body='C:\Users\statlab07\Desktop\SeniorProject\InsuranceYearTable.rtf'; 
proc tabulate data=fourpinitial; 
 where posscreen=1 and year>2006; 
 class year lmdrink12m insurance ethnicity1; 
 table year insurance ethnicity1 year*insurance year*ethnicity1 
insurance*year  year*insurance*ethnicity1 ALL, (lmdrink12m='Continued to 
Drink Alcohol' ALL)*N (lmdrink12m='Continued to Drink Alcohol' 
)*PCTN<lmdrink12m ALL>; 
run; 
ods rtf close; 
 
proc tabulate data=fourpinitial; 
 where posscreen=1; 
 class year lmsmoke12m; 
 table year  ALL, (lmsmoke12m='Continued to Smoke Cigarettes' ALL)*N 
(lmsmoke12m='Continued to Smoke Cigarettes' )*PCTN<lmsmoke12m ALL>; 
run; 
 
 
proc tabulate data=fourpinitial; 
 where posscreen=1; 
 class year lmmary12m; 
 table year  ALL, (lmmary12m='Continued to Smoke Marijuana' ALL)*N 
(lmmary12m='Continued to Smoke Marijuana' )*PCTN<lmmary12m ALL>;; 
run; 
 
 
proc tabulate data=fourpinitial; 
 where posscreen=1; 
 class year lmdrug12m; 
 table year  ALL, (lmdrug12m='Continued to Use Other Drug' ALL)*N 
(lmdrug12m='Continued to Use Other Drug' )*PCTN<lmdrug12m ALL>; 
run; 
ods html close; 
 
/* interaction tables between ethnicity and insurance */ 
 
proc tabulate data=fourpinitial; 
 class insurance ethnicity1 mthbefsmoke; 
 table insurance*ethnicity1  ALL, (mthbefsmoke='Month Before Pregnancy: 
Cigarette Use' ALL)*N (mthbefsmoke='Month Before Pregnancy: Cigarette Use' 
)*PCTN<mthbefsmoke ALL>; 
run; 
 
proc tabulate data=fourpinitial; 
 class insurance ethnicity1 mthbefdrink; 
 table insurance*ethnicity1  ALL, (mthbefdrink='Month Before Pregnancy: 
Alcohol Use' ALL)*N (mthbefdrink='Month Before Pregnancy: Alcohol Use' 
)*PCTN<mthbefdrink ALL>; 
run; 
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proc tabulate data=fourpinitial; 
 class insurance ethnicity1 mthbefmarySCR; 
 table insurance*ethnicity1  ALL, (mthbefmarySCR='Month Before 
Pregnancy: Marijuana Use' ALL)*N (mthbefmarySCR='Month Before Pregnancy: 
Marijuana Use' )*PCTN<mthbefmarySCR ALL>; 
run; 
ods html close; run; 
 
(B) Final Model Output 
 
(A) Model Information 
Data Set WORK.COHORTSLO  
Response Variable lmdrink12m lmdrink12m 
Number of Response Levels 2  
Model binary logit  
Optimization Technique Fisher's scoring  
 
 
Number of Observations Read 2258 
Number of Observations Used 1996 
 
 
Response Profile 
Ordered 
Value lmdrink12m 
Total 
Frequency 
1 Any 774 
2 None 1222 
 
Probability modeled is lmdrink12m='Any'. 
 
Note: 262 observations were deleted due to missing values for the response or explanatory 
variables. 
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Class Level Information 
Class Value 
Design 
Variables 
YEAR 2007 0 0 0 0 0 
 2008 1 0 0 0 0 
 2009 0 1 0 0 0 
 2010 0 0 1 0 0 
 2011 0 0 0 1 0 
 2012 0 0 0 0 1 
       insurance Medi-Cal 1     
 Private Pay 0     
       ethnicity1 Caucasian 1 0    
 Hispanic 0 0    
 Other 0 1    
       mthbefdrink Any 1     
 None 0     
       drinkalc No 0     
 Yes 1     
       lmsmoke12m Any 1     
 None 0     
       lmmary12m Any 1     
 None 0     
 
 
Model Convergence Status 
Convergence criterion (GCONV=1E-8) satisfied. 
 
 
Deviance and Pearson Goodness-of-Fit Statistics 
Criterion Value DF Value/DF Pr > ChiSq 
Deviance 267.5097 224 1.1942 0.0246 
Pearson 336.8752 224 1.5039 <.0001 
 
Number of unique profiles: 242 
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Model Fit Statistics 
Criterion 
Intercept 
Only 
Intercept 
and 
Covariates 
AIC 2667.629 2226.140 
SC 2673.228 2326.920 
-2 Log L 2665.629 2190.140 
 
 
Testing Global Null Hypothesis: BETA=0 
Test Chi-Square DF Pr > ChiSq 
Likelihood Ratio 475.4884 17 <.0001 
Score 392.2614 17 <.0001 
Wald 281.1761 17 <.0001 
 
 
Type 3 Analysis of Effects 
Effect DF 
Wald 
Chi-Square Pr > ChiSq 
YEAR 5 20.1770 0.0012 
insurance 1 3.7404 0.0531 
ethnicity1 2 0.8951 0.6392 
mthbefdrink 1 186.0661 <.0001 
drinkalc 1 5.8806 0.0153 
lmsmoke12m 1 87.2146 <.0001 
lmmary12m 1 21.2094 <.0001 
YEAR*insurance 5 47.9210 <.0001 
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Analysis of Maximum Likelihood Estimates 
Parameter   DF Estimate 
Standard 
Error 
Wald 
Chi-Square Pr > ChiSq 
Intercept   1 -3.4774 0.3360 107.1096 <.0001 
YEAR 2008  1 -0.1016 0.2233 0.2068 0.6493 
YEAR 2009  1 -0.6256 0.2227 7.8907 0.0050 
YEAR 2010  1 -0.4786 0.2221 4.6445 0.0312 
YEAR 2011  1 -0.7170 0.2315 9.5911 0.0020 
YEAR 2012  1 -0.9132 0.3261 7.8429 0.0051 
insurance Medi-Cal  1 -0.5697 0.2946 3.7404 0.0531 
ethnicity1 Caucasian  1 -0.1031 0.1433 0.5172 0.4721 
ethnicity1 Other  1 -0.2197 0.2494 0.7760 0.3784 
mthbefdrink Any  1 3.4796 0.2551 186.0661 <.0001 
drinkalc Yes  1 0.3695 0.1524 5.8806 0.0153 
lmsmoke12m Any  1 1.4184 0.1519 87.2146 <.0001 
lmmary12m Any  1 0.9267 0.2012 21.2094 <.0001 
YEAR*insurance 2008 Medi-Cal 1 -0.8551 0.4313 3.9296 0.0474 
YEAR*insurance 2009 Medi-Cal 1 0.1064 0.3846 0.0766 0.7819 
YEAR*insurance 2010 Medi-Cal 1 0.3105 0.3808 0.6647 0.4149 
YEAR*insurance 2011 Medi-Cal 1 1.3985 0.3731 14.0454 0.0002 
YEAR*insurance 2012 Medi-Cal 1 1.6882 0.4737 12.7017 0.0004 
 
 
Association of Predicted Probabilities and 
Observed Responses 
Percent Concordant 76.1 Somers' D 0.546 
Percent Discordant 21.4 Gamma 0.561 
Percent Tied 2.5 Tau-a 0.260 
Pairs 945828 c 0.773 
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Odds Ratio Estimates and Wald Confidence Intervals 
Label Estimate 95% Confidence Limits 
YEAR 2008 vs 2007 at insurance=Medi-Cal 0.384 0.187 0.791 
YEAR 2009 vs 2007 at insurance=Medi-Cal 0.595 0.322 1.098 
YEAR 2010 vs 2007 at insurance=Medi-Cal 0.845 0.461 1.550 
YEAR 2011 vs 2007 at insurance=Medi-Cal 1.977 1.115 3.505 
YEAR 2012 vs 2007 at insurance=Medi-Cal 2.170 1.109 4.249 
YEAR 2008 vs 2007 at insurance=Private Pay 0.903 0.583 1.400 
YEAR 2009 vs 2007 at insurance=Private Pay 0.535 0.346 0.828 
YEAR 2010 vs 2007 at insurance=Private Pay 0.620 0.401 0.958 
YEAR 2011 vs 2007 at insurance=Private Pay 0.488 0.310 0.769 
YEAR 2012 vs 2007 at insurance=Private Pay 0.401 0.212 0.760 
 
 
Partition for the Hosmer and Lemeshow Test 
Group Total 
lmdrink12m = Any lmdrink12m = None 
Observed Expected Observed Expected 
1 198 10 5.75 188 192.25 
2 217 27 28.96 190 188.04 
3 153 37 42.53 116 110.47 
4 149 40 45.92 109 103.08 
5 214 62 70.23 152 143.77 
6 195 73 69.62 122 125.38 
7 217 100 93.16 117 123.84 
8 210 106 103.89 104 106.11 
9 202 125 119.49 77 82.51 
10 241 194 194.47 47 46.53 
 
 
Hosmer and Lemeshow 
Goodness-of-Fit Test 
Chi-Square DF Pr > ChiSq 
8.7773 8 0.3614 
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